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234a Monday, March 7, 2011expressed and purified the isotope labeled RNA binding region of CPEB3.
Preliminary structural studies and assays of the RNA binding activity are
presented.
DNA & RNA: Conformation, Interactions &
Folding
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Ion-Dependent Stability of DNA Triplexes
Gengsheng Chen, Shi-Jie Chen.
A DNA triplex is formed through a third strand binding to the major groove
of a duplex through hydrogen bonds. Due to the high charge density of
a DNA triplex, metal ions are critical for triplex stability. We recently devel-
oped the tightly bound ion (TBI) model for ion-nucleic acids interactions.
The model accounts for correlation and fluctuations of the ion distribution.
We now apply the TBI model to analyze the ion-dependence of thermody-
namic stability for DNA triplexes. We investigate the ion-dependent stability
for two experimentally studied systems: a 24-bp DNA triplex and a 15-bp tri-
plex with the third strand containing different base sequence. Because a tri-
plex has a higher charge density than a duplex, a triplex attracts more ions
and hence causes stronger ion correlation than a duplex. Our results for
the number of bound ions indicate that for a DNA triplex in a Mg2þ solu-
tion, the TBI model, which accounts for ion correlation, gives much im-
proved predictions than Poisson-Boltzmann Equation (PB), which ignores
ion correlation, and the improvement is more significant for a triplex than
for a duplex. In addition, we also calculate the stability of a pair of 14-
mer triple helices immersed in an ionic solution. The goal is to predict the
ion-dependent free energy landscape for different sequences and helix
lengths.
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Charge and Size Dependent Effects of Cations on Triplex DNA
Stabilization
T.J. Thomas, Amanda Beck, Thresia Thomas, Veena Vijayanathan.
Triplex DNA stabilization is affected by the microenvironment, including
the presence of monovalent and divalent cations. We used melting temper-
ature (Tm) measurements and circular dichroism spectroscopy to assess the
stability and conformation of poly(dA)$2poly(dT). Monovalent cations (Liþ,
Naþ, Kþ, Rbþ, Csþ and NH4
þ) promoted triplex DNA at concentrations R
150 mM. The triplex DNA melting temperature varied from 49.8C in the
presence of 150 mM Liþ to 30.6C in the presence of 150 mM Kþ. Among
ammonium compounds, NH4
þ was the most effective ion in stabilizing tri-
plex DNA and its efficacy decreased with increasing substitution of the hy-
drogen atoms with bulky alkyl groups. Divalent cations were ~1000-fold
more efficacious than monovalent ions in stabilizing triplex DNA. Circular
dichroism spectroscopic studies showed distinct conformational changes in
triplex DNA stabilized by alkali metal and ammonium ions. These data
demonstrate charge- and size-dependent effects of cations on triplex DNA
stability.
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Studies of Quadruplex Folding using a New Fluorescent Porphyrin
Derivative
Yasemin Kopkalli, Matibur Zamadar, David Aebisher, Alexander Greer,
Lesley Davenport.
Small molecules that bind selectively to guanine-rich telomeric DNA se-
quences (quadruplex interactive agents; QIAs) can promote folding to
a four-stranded quadruplex conformation. Such quadruplexes have been
shown to deactivate telomerase, a key activating enzyme in many cancers,
making QIAs promising targets for development of potential cancer drugs.
Porphyrin-based QIAs offer several desirable properties as they are non-
toxic and found in many oxidation-reduction proteins of the cell. In this
study we have examined the effects of a new fluorescent pyropheophorbide
porphyrin derivative (PPP-D) on the folding of model human telomeric
DNA sequences (HT4). PPP-D demonstrates enhanced lipid solubility (log
P = 6.80 5 1.62) over other quadruplexed-DNA binding porphyrins, includ-
ing meso-tetrakis(4-(N-methylpyridiumyl))porphyrin (TMPyP4) and N-
methyl mesoporphyrin IX (NMM), and can facilitate cellular delivery (log
P = 6.80 5 1.62) through the cell membrane. Unlike TMPyP4 and
NMM, PPP-D is non fluorescent in buffer solutions and highly fluorescent
in organic solvents and non-polar environments. CD studies suggest that
PPP-D successfully aids in the folding of HT4 sequences in addition to sta-
bilizing the quadruplexed DNA conformation. Furthermore, PPP-D demon-strates selectivity for the quadruplexed (q-DNA) over duplexed DNA (d-
DNA) conformation. The significance of these results for anti-
tumorigenesis will be discussed. Supported by NIH-SCORE grants ISCI-
GM093830-01 (AG) and S06-GM076168-01 (LD).
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Fluorescence Studies of Local Environmental Heterogeneity Around
Guanine Residues of the Telomeric DNA Quadruplex Conformation
Susan Y. Liu, Yasemin Kopkalli, Aleksandr V. Smirnov, Jay R. Knutson,
Lesley Davenport.
Formation and stabilization of G-quadruplexed DNA formed by the guanine-
rich human telomeric sequence d(TTAGGG)4 (HT4), has been shown to inhibit
the abnormal activity of telomerase in tumor cells, making stabilization of this
DNA secondary structure a target for potential cancer therapeutics. To investi-
gate the effect of local environment on the guanine residues of the G-quadru-
plex, we previously designed several fluorescence analogs of the HT4
sequence with incorporation of 6-methyl-8-(2-deoxy-D-ribofuranosyl) isoxan-
thopterin (6MI) at varying guanine-tetrad positions: G1, G4, and G11, which
show fluorescence sensitivity to quadruplex folding. In the current studies,
we have collected decay-associated spectra (DAS) for the fluorescence lifetime
components (tlong, tmedium, and tshort) resolved for each of the mono-labeled se-
quences. Multi-exponential decay profiles suggest local environmental hetero-
geneity surrounding the guanine residues in both the folded and unfolded states.
Interestingly, the DAS for tlong observed for guanine positions G1 and G11,
which are located at the 5’- and 3’-ends, respectively, of the quadruplex-
forming sequence, showed significant (10nm) red-wavelength shifts on quadru-
plex folding. In contrast no DAS shifts are observed for the G4 position, located
in the loop region of the folded quadruplex. Thus, in addition to base stacking
of the guanine residues with neighboring bases, guanine positions located at G1
and G11, on average, may also be exposed to a more polar environment with
quadruplex folding, possibly due to conformational heterogeneity as they are
located near the termini of the telomeric sequence. The solvent accessibility
of these positions may make them key docking sites for designing ligands
that can stabilize the folded conformation of the G-quadruplex.
This work was supported by NIH SCORE Grant S06-GM076168-01 (LD).
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HIV-Integrase Aptamer Folds into a Parallel Quadruplex: A
Thermodynamic Study
Sean Kelly, Salome Boroda, Karin Musier-Forsyth, Besik Kankia.
Short guanine-rich sequences have a tendency to form quadruplexes that are
stabilized by G-quartets with specific cation coordination. Quadruplex struc-
tures are part of telomeres at the ends of chromosomes and play an important
role in the regulation of gene expression. In addition, there is a strong interest in
the therapeutic and biotechnological potential of quadruplex oligonucleotides.
The HIV-integrase aptamer, d(GGGT)4, demonstrates unusually favorable
van’t Hoff thermodynamics, and based on NMR studies the aptamer was pro-
posed to fold into an antiparallel quadruplex structure. Here we investigate an
apparent discrepancy between the NMR structure and the quadruplex topology
suggested by circular dichroism (CD) spectroscopy. Systematic thermody-
namic analyses of d(GGGT)4 and variants containing sequence modifications
or missing specific nucleotides are consistent with a parallel quadruplex fold.
CD studies carried out over a wide concentration range did not support a possi-
ble structural transition upon increasing strand concentration. Taken together,
both optical and thermodynamic studies performed here strongly support a par-
allel fold for the d(GGGT)4 aptamer.
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Expanding DNA Sequence Recognition with Minor Groove Binders
Manoj M. Munde, Arvind Kumar, Raja Nhili, Sabine Depauw,
Marie-Helen David-Cordonnier, David Boykin, David Wilson.
Heterocyclic cations are taken up into cells and can target the DNA minor
groove and they offer a potential method to control cellular gene expression.
A limitation of these compounds is their limited DNA sequence recognition ca-
pability and a key goal of our research has been to expand their ability to target
selected DNA sequences. The results show that formation of minor groove
stacked-dimer complexes is an effective way to enhance the specificity and ex-
pand the range of applications of the compounds. The discovery of the diami-
dine DB293 (phenyl-furan-benzimidazole), the first dication to recognize DNA
as a stacked dimer in the minor groove, provided an opening to this effort. This
approach, filling the minor groove with two stacked heterocyclic cations, pro-
vides an opportunity to interact with wider minor grooves which are difficult to
recognize by a single molecule. Dimer recognition of DNA by these com-
pounds is highly sensitive to compound structure as well as the target sequence.
DB1242 (phenyl-pyrimidine-phenyl), a linear dication, is able to stack as
